It is a well-known fact that application of supersonic methods of thermal spray deposition results in significant increase of service properties of parts. However, up to moment no trails were made on producing of carbide or cermet coatings with the help of supersonic methods of plasma spraying. Present work is dedicated to production of cermet coatings from chromium carbide-nichrome compositions using a method of supersonic plasma gas air spraying (SPGAS). SPGAS technology has series of advantages in comparison with well-known technology of HVOF spraying. First of all, it concerns efficiency, economy and characteristics (temperature, speed) of gas jet. Structure and phase composition of produced coatings were investigated. It is shown that spraying using supersonic gas jets promotes for increase of content of Cr7C3 carbide and reduction of NiCr in the coatings as a result of oxidation and formation of oxides. Coating from composite powder differs by higher level of density and homogeneity, has layered fine-laminated structure with inclusions of fine carbides, contains lower amount of oxide phase, but larger quantity of chromium carbide Cr3C2 in comparison with coating from mechanical mixture Cr3C2 + NiCr. These coatings can be recommended for application as wear-resistant at increased temperatures. 6 Ref. Plasma coatings based on chromium carbides are characterized by combination of such properties as resistance to wear by abrasive particles and hard surfaces at high temperatures (540-840 °C), high resistance under conditions of fretting-corrosion and aggressive media (for example, in liquid sodium at 200-625 °C), heat resistance at temperatures to 980 °C, radiation resistance [1] .
Plasma coatings based on chromium carbides are characterized by combination of such properties as resistance to wear by abrasive particles and hard surfaces at high temperatures (540-840 °C), high resistance under conditions of fretting-corrosion and aggressive media (for example, in liquid sodium at 200-625 °C), heat resistance at temperatures to 980 °C, radiation resistance [1] .
Cr 3 C 2 mechanical mixtures (rarely its mixture with Cr 7 C 3 or Cr 23 C 6 carbide) with such metals as Ni, Co, Ni+Cr, NiCr at different combination of component content (amount of metallic binder can be from 6-8 to 45 wt.%) are used for spray deposition of cermet coatings with chromium carbide.
Main methods, which are used for spray deposition of coatings with chromium carbides, are plasma, detonation and HVOF spraying [1] [2] [3] .
It is a well known fact that application of supersonic methods of thermal coating deposition results in significant increase of their service properties. However, up to moment no trails were made on producing of carbide or cermet coatings with the help of supersonic methods of plasma spraying.
Present work is dedicated to production of cermet coatings from chromium carbide-nichrome compositions using a method of supersonic plasma gas air spraying (SPGAS), examination of structure and phase composition of produced coatings.
SPGAS technology has series of advantages in comparison with well-known technology of Powders of particle size 15-44 μm were applied for coating spray deposition. Cermet (3 in Figure 1 Examinations of initial powders showed that they differ by appearance, microstructure, microhardness and phase composition. Thus, PP-53 powder consists of faceted particles (Figure 1 a,  c) and being a mechanical mixture of carbide and metallic particles, which vary vastly on microhardness (13300 ± 1500 and 1980 ± 600 MPa, respectively).
Powder PP-53B consists of spherical particles (Figure 1, b, d) , and each particle, taking into account structure and microhardness, includes metallic as well as carbide phases (microhardness of particles is varied in 5000-10500 MPa range).
Examination of composition of powder particles using X-ray spectral microanalysis (XSMA) (Table 3) showed that nickel or carbon are virtually absent in PP-53 powder. According to carbon amount in the carbide particles (19-21 wt.%), they are close to Cr 3 C 2 (19.34 vol. %) carbide on composition. Moreover, Cr 7 C 3 carbide (9.01 wt.% C) (Figure 2, a) was found in powder using X-ray phase structural analysis (XPSA) method.
Particles of PP-53B powder contain all three elements (Cr, Ni and C) as well as additives of these elements such as small amount of Mg, Al, W, Fe and Ca (see Table 3 ). Some particles have areas enriched by oxygen at the level of 6-7 wt.%.
At the same time, results of XPSA of PP-53B particles indicate that they do not differ from PP-53 powder (Figure 2, b) on qualitative content, and since each particle contains metallic as well as carbide phases, the powder can be considered as composite one, consisting from cermet particles.
Metallographic examination of sprayed coatings determined no fundamental differences in their structure depending on powder type (Figure 3). The only thing that can be noted is higher level of homogeneity of coatings from composite powder (PP-53B) in comparison with coatings from mechanical mixture (PP-53). Besides, some difference is observed in values of average microhardness of coatings and nature of microhardness variation curves (Table 4, Figure 4) . Thus, two most probable values of microhardness can be marked on microhardness variation curve of the coating, produced from PP-53 powder (mechanical mixture Cr 3 C 2 and NiCr). This can be an evidence of presence in the structure, as in initial powder, of zones with harder carbide phases (HV = 11500 MPa) and metal enriched zones (HV = 9000 MPa). Microhardness variation curve of the coating from composite powder PP-53B has only one probable value of microhardness 10500 MPa, i.e. average between two indicated above.
XPSA of phase composition of sprayed coatings showed ( Figure 5 ) that they contain chro- Table 5 ) of separate structural elements of the sprayed coatings ( Figure 6 ). It can be noted when comparing intensity of X-ray reflections of separate phases in initial powders (see Figure 2 ) and in sprayed coatings (see Figure 5 ) that spraying promotes increase of content of Cr 7 C 3 carbide in the coating in comparison with Cr 3 C 2 and NiCr content reduces as a result of oxidation and oxide formation. Xray spectrum microanalysis of the sprayed coat- Table 5 . Content of elements, determined by XSMA method, in structural zones of coatings from PP-53 and PP-53B powders (acc. to Figure 6, a and b, Table 6 ) showed that averaged composition (spectrum 3) and content of separate zones on depth (spectra 4-6) are somewhat differ from values of the initial powder (see Table 1 ). This takes place as a result of appearance of oxide phases in the coatings. At that, amount of oxygen in the case of PP-53B powder coating somewhat increases in direction from base interface to outer surface of the coating, while carbon content is reduced to the contrary. The similar dependence is observed for PP-53 powder coating. This fact is related with rise of temperature of coating being sprayed in proportion to build-up of coating layer. Comparison of characteristics of sprayed coatings from PP-53 and PP-53B powders allows for noting that coating from composite powder differs by higher level of density and homogeneity, has layered fine-lamellar structure with inclusions of fine carbides, contains lower amount of oxide phase, but lager quantity of chromium carbide Cr 3 C 2 in comparison with coating from mechanical mixture Cr 3 C 2 + NiCr.
It is a well-known fact that refractory properties, stability and hardness of chromium carbides are reduced with decrease of carbon amount in them [4, 5] . Therefore, carbon loss is undesirable in the processes of thermal spraying of cermet chromium carbide based coatings. Review paper [6] dedicated to effect of thermal spraying methods (HVOF, air plasma spraying (APS), vacuum plasma spraying (VPS) and detonation spraying) on properties of the coatings from mechanical mixture Cr 3 C 2 + NiCr indicates that hardness, abrasive wear resistance and thermal resistance of the coatings depend on carbon loss in spraying. Thus, for example, VPS coatings have higher hardness and abrasive wear resistance, but lower thermal resistance among others, and APS coatings with argon-helium plasma gas are superior on their properties to the coatings using argon-hydrogen mixture etc.
The results of present work allows for concluding that quality of Cr 3 C 2 + NiCr composition coating can also be increased with the help of composite powder of the same compositions instead of mechanical mixture.
